Isolated aneurysms of the four principal divisions of the central retinal artery are found infrequently in older individuals. Robertson (1973) suggested the designation 'macroaneurysm' to distinguish these dilatations of the major arterial branches from the microaneurysms of the retinal capillaryvenous plexus. These acquired macroaneurysms are usually unilateral and may be associated with intraretinal oedema, blood, and exudates, subretinal blood and exudation, and rarely, intravitreal haemorrhage which may obscure the aneurysm. Their genesis has been ascribed to hypertension (Robertson, I 973), arteriosclerosis (Robertson, 1973; Ballantyne, I937) , ageing (Shults and Swan, 1974) , and various degenerative conditions (Doyne, I896; Raehlmann, I902; Ashton and Langley, I95 ) .
The clinical and fluorescein angiographic findings in I5 cases of acquired arterial macroaneurysms of the retina and our experience with management (Table) are summarized in this report. The findings in an adult woman with an unusual profusion of arterial aneurysms who may represent a variation of this phenomenon are presented separately. Other known causes of aneurysmal dilatation such as Leber's multiple miliary aneurysms (Archer and Krill, 1971 ) or Coats's syndrome (Egerer, Tasman, and Tomer, 1974) , and cavernous haemangioma of the retina (Lewis, Cohen, and Wise, 1975) are excluded from this review.
Case report CASE I A 67-year-old white woman stated that, 2 months before her examination at the Bascom Palmer Eye Institute, she had noted an abrupt and persistent diminution of vision in the right eye associated with 'little fine circles of light'. The left eye was amblyopic because of strabismus in childhood. Although she was unaware of a This study was supported in part by US Public Health Service history of hypertension or diabetes mellitus, she had experienced transient ischaemic episodes for many years.
The corrected visual acuity was 20/50 in the right eye and 20/100 in the left, which showed anomalous retinal correspondence. Intraocular pressure was 22 mm Hg in the right eye and 26 mm Hg in the left. Biomicroscopy showed subepithelial nodular and whorl-like opacities in each comea.
Ophthalmoscopy of the right eye revealed a localized intraretinal haemorrhage along a branch of the inferior temporal artery distal to its fourth bifurcation (Fig. ia) . A yellowish-white plug was visible within the artery at that point and appeared to move to and fro synchronously with the carotid pulse. The lumen of the artery proximal to the plug was narrow and markedly irregular. Surrounding the obstruction and haemorrhage was an incomplete ring of circinate deposits. Mild intraretinal oedema extended into the foveal area and there was a delicate hemimacular star temporally. The retina distal to the haemorrhage was otherwise normal. No additional evidence of arterial embolization was found but the calibre of other arteries was irregular, and tapering and deflexion of many arterio-venous crossings were evident. The optic disc had a normal hyperopic configuration and the visual field was normal.
The vessels of the left fundus showed similar hypertensive changes. The left optic disc was irregularly raised suggesting drusen formation, and a sector defect was demonstrated on visual field examination.
Fluorescein angiography demonstrated normal transit of dye to the site of the plug in the right eye but marked delay of filling of the artery distally until the midvenous phase (Fig. ib) . No retrograde flow in the artery was demonstrated but late in the study the vessel wall stained intensely at the point of obstruction.
The patient's right brachial artery blood pressure was i8o/ioo mm Hg. Ophthalmodynamometry was normal and similar in each eye.
Course
The patient was started on antihypertensive medications. Six weeks later the haemorrhage had cleared and an aneurysmal dilatation of the artery was present at the site of the previous obstruction. Ten weeks after initial examination the visual acuity in the right eye had improved to 20/30. Fluorescein angiography showed that the aneurysm was bilobed, that there was no delay in the perfusion of the aneurysm or distal artery, that there was an avascular halo around the aneurysm, and (Ia) (ib) that the adjacent capillaries were slightly dilated (Fig. ic) . One year after presentation, a new fusiform aneurysm had developed at the next more proximal bifurcation of the artery to the original macroaneurysm, in an area which had not been involved by the plug either ophthalmoscopically or angiographically.
Four years and 3 months after the initial examination the visual acuity in the right eye was 20/50. The original aneurysm was still patent and the aneurysm at the bifurcation had expanded to about five times the width of the vessel and had developed a small satellite along the smaller branch of the bifurcation (Fig. id) .
One year later, although the visual acuity was unchanged, there was an increase in intraretinal exudate and oedema surrounding the large aneurysm at the bifurcation. Fluorescein angiography demonstrated delayed flow into the smaller branch of the involved bifurcation, staining of the wall of the larger aneurysm and of the small branch artery, and late leakage into the oedematous retina from each area (Fig. ie) (Fig. 2a) . A widened and copper-wire light reflex was evident in most arteries in the fundus and the major arterio-venous crossings showed deflexion and concealment of the venous blood column.
In the left eye a large aneurysm was located at the fourth bifurcation of the superior temporal artery (Fig. 2b) and was surrounded by a small zone of retinal oedema and circinate material. A burnished light reflex, irregularities of arterial calibre, and banking and compression of arterio-venous crossings were present throughout the fundus.
Fluorescein angiography of the right eye showed prompt and complete perfusion of the aneurysm and the entire retinal vasculature. The capillary-free zone around the aneurysm was widened and the adjacent microvasculature was moderately altered (Fig. 2C ). Corresponding to the intraluminal plaque was a defect in the fluorescein column in the artery. The wall of the aneurysm stained with dye and subsequently leaked into the adjacent retina. Angiography of the left eye also demonstrated no evidence of arterial obstruction but some leakage of dye from the walls of the aneurysm.
The patient was started on antihypertensive medications. Although the brachial artery blood pressure became normal during the next 2 months (140/76 mm Hg), the visual acuity of the right eye gradually deteriorated to 20o ioo with increased circinate material in the macula.
The walls of the aneurysm became thickened and grey, and the intra-arterial plaque remained. The arterial segment distal to the aneurysm thinned to about onethird of its original diameter and its blood column was segmented and venous in colour. Fluorescein angiography dramatically displayed obstruction of arterial perfusion and retrograde filling of the distal artery from branch venous channels (Fig. 2d) . The lesion in the left eye was unchanged. Visual field examination of the right eye showed a superior altitudinal depression within which was a dense scotoma corresponding with (Fig. 3a) . Although the dye eventually perfused the arterial segment distal to the aneurysm, it halted again at the next major bifurcation (Fig. 3b) A 69-year-old white woman experienced 'flashing lights' and triangular floaters in her right eye for 2 months before she consulted her ophthalmologist. She stated that the visual acuity in the right eye had never been as clear as that in the left. Although she had had angina pectoris for about io years, she had no history of hypertension or medical problems other than bilateral mastectomies for fibrocystic disease. These varied from small fusiform enlargements of the arterial wall to irregular saccular swellings four or five times the diameter of the feeding vessel. None of the lesions was haemorrhagic although several large ones were surrounded by small zones of oedematous retina demonstrated by circinate deposits. One branch of the superior temporal artery with pipestem sheathing and irregular attenuation of its lumen became a ghost vessel more distally, and a resolving cotton-wool patch was noted in its distribution. No delay of perfusion was identified through any of the aneurysms during fluorescein angiography. A cluster of tortuous collateral vessels rimmed one of the larger aneurysms (Fig. 4c) . The left fundus was normal.
The brachial artery blood pressure and the results of ophthalmodynamometry were normal and symmetrical.
Fifteen months later, the corrected visual acuity was 20/40 in the right eye. Central metamorphopsia and a paracentral scotoma were demonstrable in the right eye on an Amsler grid. At least i8 arterial aneurysms were visible on various branches of the temporal vasculature.
No abnormalities of the nasal vessels were seen. Several of the aneurysms were well anterior to the equator and surrounded by circinate rings. Several aneurysms in the posterior pole were overlaid with recent haemorrhages. Some of the previously recognized aneurysms had enlarged considerably and others appeared in formerly normal areas (Fig. 4d) Thirteen of our patients either had a history of systemic hypertension or hypertension was discovered at the time of consultation. Three of the I 3 also had diabetes mellitus ofadult onset although none had clinically significant diabetic retinopathy. The association ofsevere hypertension with retinal arterial aneurysms appears to have been first reported by Fernandez (I920) in a 54-year-old man who died 40 days after presentation of a cerebral haemorrhage. Robertson (1973) emphasized the coexistence of hypertension with the retinal pathology. More than half of his patients had mild to severe hypertension. He also suggested that the occurrence of macroaneurysms was not necessarily an ominous prognostic sign, since two of his patients survived more than a decade after discovery of the lesion. However, four of our patients died between 9 months and 51 years after presentation, one of a stroke, two of combined myocardial infarction and stroke, and one shortly after resection of a symptomatic abdominal aortic aneurysm. While a retinal arterial macroaneurysm per se may not be prognostic of early death, it may herald the discovery of coexisting hypertension or other systemic vascular disease which could affect a patient's life expectancy. At a minimum, therefore, we recommend measurement of the systemic blood pressure during the investigation of patients with this lesion. Ophthalmodynamometry, on the other (comppare with Fig. 4a anzd b) hand, was not revealing in the patients tested. disc and in iO of i6 affected eyes, the lesions were One patient (Case 5) had bilateral aneurysms.
superior to the horizontal raphe, including one Among patients affected unilaterally, II (79 per patient (Case 6) with two aneurysms on a ciliocent) had the right eye involved. We cannot explain retinal artery. Macular oedema and circinate this prevalence, although it follows the trend in retinopathy were no more frequent with superior other series (Robertson, I973; Shults and Swan, than with inferior malformations. 1974 Among the i6 eyes comprising this survey, five eyes were followed without therapy, and one patient was lost to ophthalmic observation after discovery of her lesion (Case 2). Three of the five patients observed without therapy had good and stable visual acuity in the affected eye for up to 5 years after presentation. One patient spontaneously improved from 20/400 to 20/30 acuity in the 3 months before consultation and remained at that level for i6 months. The fifth patient had chronic bilateral uveitis, vitritis, and cystoid macular oedema, and 20/50 vision in each eye. Because the macroaneurysm did not appear to contribute significantly to the macular oedema, photocoagulation was not considered. Six months later the visual acuity was unchanged in each eye. All untreated aneurysms remained patent during the follow-up period.
Five eyes were treated with xenon arc photocoagulation. Although most of these patients were followed-up from 6 weeks to 7 months before treatment, the level of visual recovery was judged to be unsatisfactory. Treatment resulted in visual improvement of two or more lines of a Snellen chart in three of five eyes. One patient (Case i i) who had presented with vitreous haemorrhage and had evidence of an epiretinal membrane with macular traction from the aneurysm before treatment, was lost to follow-up 7 weeks after therapy with an unchanged visual acuity of 20/Ioo. Another patient (Case 6) presented with a dense senile cataract and developed a cellophane membrane in the macula after treatment.
Of five eyes treated with argon laser photocoagution, three showed improvement of two lines or more of Snellen acuity. One other patient developed a branch arterial occlusion distal to the area of treatment and pretreatment visual acuity of 20/200 was unchanged nearly 3 years later. The other patient had a history of paracentral chorio-retinitis and retinal vascular occlusions. The visual acuity remained unchanged at 20/200 5 months after treatment.
All treated aneurysms were obliterated both ophthalmoscopically and angiographically. Visual improvement was documented as early as 3 days and on average 6 to 8 weeks after photocoagulation. Our experience suggests that photocoagulation may speed visual improvement in patients with macular oedema and circinate retinopathy who have not improved spontaneously after 3 months of observation. Photocoagulation is probably indicated if the aneurysm increases in size and if further exudation results in failing visual acuity (Gass, I972) . However, additional experience with photocoagulation is required to confirm these impressions. Macroaneurysms not affecting macular function probably do not need photocoagulation.
Summary
Fifteen patients with acquired arterial macroaneurysms of the retina, and an additional woman patient with some ii8 aneurysms of the temporal retinal arterial tree of one eye, are described. Acquired aneurysms occur in patients in their sixth decade and older, are usually unilateral, and occur on the major arterial branches posterior to the equator. Customarily only one or two aneurysms are present. Most patients have a history of poorly controlled systemic hypertension or a raised blood pressure at the time of discovery of the macroaneurysm. Focal embolic damage to arterial walls should be considered in the investigation of these patients. In patients with decreased vision from macular oedema and circinate retinopathy, photocoagulation of the macroaneurysm may hasten the improvement in visual acuity.
